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In LECTURING on Marine Surveying before the present audience, 
it will not be necessary to enter into the land part of the work, 
except to point out a few differences of procedure between our 
system and that of the Ordnance Survey. Nautical surveying con- 
sists in delineating accurately on paper, all that can be of use to the 
seaman in navigating his vessel into or out of the harbour, along a 
coast, or across the ocean ; the portion of land, then, that he requires 
represented on his chart, is always in immediate vicinity to the sea, 
and with the exception of a small tract near the coast, nothing 
detailed is required, all that is wanted of the interior being the 
position of such prominent objects as mountain peaks, churches, 
windmills, &c., as are visible from the ship. These prominent 
objects require to be clearly shown, and not choked by a mass of 
surrounding topography, otherwise the navigator has often difficulty 
in distinguishing quickly the particular object on the chart he 
requires. In the United Kingdom the whole of the land work is 
taken from the Ordnance Survey, all we do in addition being to 
omit all that is useless and to render prominent all that is useful to 
the seaman. Abroad we have nearly always to do the whole of the 
land work required as well as the soundings, and it may be readily 
understood that in many countries, still overgrown with mangrove 
brakes near the coast, and a virgin forest in the interior, our mode 
of procedure must differ essentially from that pursued in, England, 
where a chain of triangles is extended from a base which has been 
measured with the greatest accuracy. 
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Briefly, our method is to do the whole of our work by angles, only 
measuring a comparatively rough base at first, either by sound, by 
micrometer, or, if practicable, by chain, in order to plot the work as 
nearly as possible on a given scale. Distance by chain for the 
details are not required, as these are put in by sextant and station 
pointer, so that the whole work is relatively correct, notwithstanding 
the fact that the scale may be somewhat imperfect. Eventually the 
scale is determined by astronomical observations at two or more 
points, and the accuracy is consequently only limited by the nature 
of the instruments used for this purpose. With the sextant and 
artificial horizon we consider that we can certainly obtain the 
correct position of the observation spot to within 100 feet, that 1s, 
supposing the level of the mercury in the trough is not subject to 
alteration by the attraction of mountain masses in the vicinity. Of 
course, the scale of the chart is only determined in this manner when 
the survey encloses a larger extent of coast; in harbour, or bays, 
it is generally practicable to measure a base by chain, which although 
not, perhaps, scientifically accurate, is practically so. 


It sometimes happens that a running survey is required quickly 
for a particular purpose, when the details cannot be paid much 
attention to, as time only permits a short stay in the locality. The 
accuracy of the results will then all depend on the plotters, as the 
whole work has to be plotted after the place has been left, there 
being no time to do anything but out-door work on the ground. 
On these occasions our chief reliance is on accurate sketches taken 
on the spot, with the angles marked against every prominent 
mountain peak, tangent of an island, or point on the coast. It is 
evident that three or four commanding positions will cover in a 
large area of ground if they be judiciously chosen, the difficulty 
being afterwards to interpret the various sketches, as the plotter has 
only time to take up one position himself. This becomes a consider- 
able difficulty when there are a large number of islands. Under 
these circumstances the plan I have adopted is to take up a good 
position on a commanding hill myself, and to obtain its height 
accurately; then, by means of angles of depression to every point on 
the coast, and to every tangent of an island, I have been able, 
knowing my height, to calculate the distance of each object I have 
obtained an angle of depression to, and so draw a rough plan from 
my own station alone; then the sketches obtained by the other 
observers are readily interpreted, and everything falls into its place 
without difficulty. 
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Having plotted on paper every prominent object visible from 
the sea we are ready to commence sounding, but before this can be 
done it is necessary to obtain tidal observations, as it is, of course, 
requisite that each depth taken should be referred to some fixed 
standard, and the height of the sea with reference to any standard 
is an ever varying quantity. The standard adopted by the Hydro- 
graphic Department of the Admiralty is the low waters of ordinary 
spring tides; this has to be ascertained for each particular survey, 
and the height of the tide registered at short intervals during the 
whole period the survey is in progress, so that tidal curves may be 
drawn which will allow the soundings as they are taken to be re- 
duced to the adopted standard. In itself it would seem to be a very 
simple matter to ascertain the datum point of low water, but the rise 
and fall of the tide is influenced by such varying forces that it is by 
no means so simple as it seems. Theoretically, each tide rises and 
falls equal distances above and below a fixed line known as the mean 
level of the sea, which is always supposed to be constant, but in 
reality the mean level is subject to great variations : for instance, the 
atmospheric pressure influences it, for with a high barometer observa- 
tion proves that the mean level will be lower than with a low 
barometer, varying about a foot in height for an inch of mercury, 
which is, of course, quite natural; again, the mean level is different 
at different seasons of the year, the difference in some places amount- 
ing to as much as two feet (notably in some parts of Australia) ; it 
is also greatly influenced, especially in estuaries or narrow seas, by 
the wind, and there are other disturbing causes which produce some 
effect, though comparatively slight ones.. The first thing we do, 
then, is to ascertain the mean level of the sea for the particular 
period of the year in which the survey is extended, then by apply- 
ing half the range of a spring tide to the mean level, we have the 
low water of ordinary springs. Ofcourse, to ascertain with accuracy 
the mean level of the sea at any particular place, tidal observations 
should be taken day and night for at least a year; this is unfor- 
tunately rarely practicable, but in order to make surveys executed 
at considerable intervals of times comparable, it is customary to refer 
the datum adopted for the reduction of the soundings to some fixed 
point on the shore ; for this purpose a rock that covers and uncovers 
at a given height on the tide pole is valuable ; sometimes a mark is 
cut in on the rocky foreshore, and in this country the datum is 
referred to a dock sill in the vicinity, or to one of the Ordnance 
bench marks. Occasionally, with all our care, the mark is obliterated 
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by lapse of time or other causes before a re-survey is required, then 
the only means we have of comparing the sounding is by again 
fixing, independently, the low water of ordinary spring tides,. as 
already explained. For the purpose of taking tidal observations we 
have three descriptions of tide-pole, (1) a narrow strip of wood 
divided to feet and inches, which can be nailed against a jetty or 
post which does not dry at low water; (2) a hollow iron cylinder 
about two inches in diameter, with a screw at one end to screw into 
the ground when there is no pier or posts available; and (3) a pole 
which can be weighted at the bottom and supported by guys to 
anchors or stakes, for rocky ground, when it is not practicable to 
screw in aniron gauge. Each description of gauge can be lengthened 
to suit the range of tide at the locality of which observations are 
required. 

The tide gauge is erected in a sheltered spot at as early a stage of 
this survey as is practicable, and observations taken day and night 
of the rise and fall of the tide, the height of the mercurial column 
being noted simultaneously. The mean pressure of the air is 
assumed as being equal to 30 inches of mercury, and an addition or 
subtraction made to the height of the tide on the pole according to 
the height of the mercurial column above or below this standard, 
one inch of mercury being assumed, as before mentioned, equivalent 
to a foot a water. It is requsite to register both day and night tides, 
as in many places there is a considerable diurnal inequality, and each 
high and low water must be in pairs to attain the mean level truly. 
Although on the English coast the diurnal inequality is for small 
amounts, on the east coasts of the United Kingdom being barely 
perceptible, and on the west coast about 18 inches, in many foreign 
ports it 1s so great that we often find it stated there is only one tide 
in the day, when accurate observation almost invariably shows there 
are two, although one of these tides perhaps only rises and falls as 
many inches as the other does feet. The diurnal inequality is also 
sometimes the origin of a report to the effect that the sea level is 
altering. It happened that such a report was made respecting the 
level of the sea at the Falkland Islands in 1874, and the Challenger 
was ordered to investigate this matter on her homeward voyage. 
Fortunately, Sir James Ross, during his celebrated Antartic voyages, 
had taken tidal observations and left permanent marks on the rocks 
at this group, and we were able to compare our results with his 
datum points. We could detect no change in the mean level of the 
sea when the usual allowances were made for barometric pressure, 
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&c., hut our observations, as well as those of Sir James, showed 
certain irregularities of the tide which might easily be mistaken for 
a change of level by inaccurate observers. 1st, the diurnal inequality 
was considerable, on one occasion amounting to 18 inches at Port 
Stanley ; that is a difference of three feet in the range of successive 
tides, the ranges of the greatest being only 7 feet. During the 
summer months the day tides are highest and have the greatest 
range, and during the winter months the night tides. 2nd, the 
atmospheric pressure, the range of which is very considerable, at the 
Falkland group exerts the usual influence on the mean sea level, 
which rises or falls universally with the mercurial column. It is, 
therefore, not at all improbable that occasionally during the winter 
months the residents at Port Stanley might observe during spring 
tides a high water that barely reached the ordinary mean level of the 
sea, for if, during this period of the year, when the day tides at 
springs have but a small range, a high barometer coincides with the 
period of greatest diurnal inequality, such a case would doubtless 
arise, and this has in all probability led the inhabitants to infer that 
a gradual alteration was taking place in the mean sea level. 

Taking the tidal results in pairs, we find that supposing no 
abnormal winds have occured, a week’s observations will give the 
mean level of the sea for the time of year at which the observations 
were taken, with considerable accuracy. 

The datum to which the soundings have to be reduced having 
been explained, I will now point out the method of sounding—this 
may conveniently be divided into two heads, (a) the manner in 
which the depth is obtained, and (b) the method for fixing the posi- 
tion of the soundings. 

First with regard to obtaining the depth ; there are three methods 
depending on the soundings, one with the hand lead and lines, 
applicable to depths not exceeding 12 fathoms; another with the 
ordinary deep sea lead and line, applicable to depths not much over 
100 fathoms ; and lastly, ocean soundings, which require a special 
apparatus. 

The hand lead generally used is 14lbs. in weight, and the hand 
line is marked at every foot up to 10 fathoms, above that to half 
fathoms. Soundings with this line are obtained as the ship or boat 
moves through the water by a leadsman swinging the lead a sufficient 
distance ahead to enable it to reach the bottom by the time he is 
over the spot where it entered the water ; consequently the greater 
the depth, the further forward the line must be hove, and the speed 
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of the ship slackened. It is customary to swing the lead over the 
head when this depth increases, to get a good momentum in heaving 
it forward, but personally I prefer having a heavier lead used (one of 
28lbs.), so that the leadsman gets the necessary momentum without 
throwing it over head, and the lead sinks more rapidly to the 
bottom. The extra labour entailed can be readily met by having a 
man stationed to haul in the line. 

When the depth exceeds 12 or 13 fathoms, and from that depth 
to 100 fathoms, the ordinary deep sea line is used with a valve lead 
of 56lbs. This line, which is marked at every fathom, is passed 
from the stern to the bow of the ship, the lead is then attached and 
hove overboard and a leadsman on a platform at the stern obtains 
the depth. Here, again, the speed of the ship must be so regulated 
that the man at the stern does not pass the spot where the lead 
entered the water before it reaches the bottom. In depths exceed- 
ing 40 fathoms it is better to stop the vessel and make certain of 
obtaining the soundings correctly. To facilitate passing the lead 
line from the stem to the bow, an endless rope is rove through 
blocks fixed to stanchions forward and aft, so that by bending the 
end of the lead line to the rope it can easily be hauled forward. 

Both the hand and deep sea lines are well stretched before they 
are marked, and they are marked when sodden with water and kept 
in water and frequently tested. The nature of the bottom is in all 
cases ascertained and registered. 

From the depth of 100 fathoms up to 500 fathoms we use the 
deep sea lines, with a valve lead of one hundredweight ; above 500 
fathoms, the special apparatus for ocean depths, which consists— 

(1) Of a series of iron sinkers, each weighing 56 lbs. ; 

(2) Of a rod fitted with a mechanical contrivance for slipping the 

sinkers directly the bottom is reached ; 

(3) Of a marked sounding line to ascertain the depth ; and 

(4) Of an apparatus, arranged in the ship, to prevent sudden jerks 

on the sounding line from the pitching, or rolling, of the 
vessel. 

(1.) The iron sinkers are cylindrical in form, and have a hole in 
the centre through which the sounding rod is passed, to prevent 
their swaying about, or getting detached, before the bottom is 
reached. On both sides of the sinkers, grooves are cut to take the 
wire by which they are suspended to the rod, and in order that these 
grooves may be in the same line when two, or more, sinkers are 
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attached, studs, and corresponding hollows, are cast in the sinkers to 
keep them in place. 

As a rule, six sinkers (3 cwt.) should be used; when, however, 
there is reason to suppose the depth will exceed 3,500 fathoms it 
would be advisable to use eight sinkers (4 cwt.), or when it is pro- 
bable bottom may be reached with less than 2,000 fathoms of line, 
four sinkers (2 cwt.) will be ample. 

(2.) The sounding rod is an iron cylinder with a butterfly valve at 
its lower end (to retain a specimen of the bottom), fitted with a 
mechanical contrivance for slipping the sinkers. This contrivance 
consists of a flat piece of iron, which slides in and out of a brass sheath 
on the upper part of the iron cylinder, the range of slide being regu- 
lated by a stud, which protrudes through a slit in the cylinder. On 
the top of this flat piece of iron is a ring, to which the sounding line 
is fastened, and just below the ring are two shoulders, over one of 
which the wire is placed that holds the sinkers. When the rod (and 
sinkers) is suspended by the sounding line, attached to the ring on 
the top of the flat piece of iron, these shoulders are exposed, but 
directly the tension of the line is relaxed, through the rod resting on 
the ground, the flat piece of iron descends into its brass sheath and 
conceals the shoulders, thus releasing the suspensory line and allow- 
ing the sinkers to disengage. 

The accompanying figure shows the rod and the 
mechanical contrivance for slipping the weights. 

A is the flat piece of iron; B the cylinder; D the 
brass sheath into which the flat piece of iron slides ; 
C the stud and slit regulating the length of slide; F, 
F the wire passing over the shoulder; E the ring 
to which the sounding line is fastened. When the 
rod and sinkers are suspended by the sounding line 
the flat iron A is pulled out of its sheath D, and 
exposes the shoulders, the stud C being then at the 
upper end of the slit; directly the sinkers reach the 
bottom the sounding line becomes relaxed, and the 
flat iron A sinks into its sheath, concealing the 
shoulders, and consequently releasing the wire that 
suspends the sinkers, the slot C being then at the 
bottom of the slit in the cylinder. 

The shoulders on the flat piece of iron should 
not be curved too much, or the wire, instead of being 


released, may be jammed by the V shape formed 
/ 
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between the conical end of the brass sheath and the hollow of the 
shoulder, as the flat iron descends into the sheath. 

The sinkers are suspended by a piece of No. 9 gauge wire, one 
fathom in length, the ends of which are passed through two small 
holes in an iron ring which slides on the rod below the sinkers, and 
twisted round their own parts, the bight of the wire being placed 

oz over the shoulder of the flat iron. 
It has been found convenient, in 
practice, to hollow a piece of wood 
to fit the bottom sinker, then to 
place on it, first, the ring with the 
line attached ; second, the bottom 
sinker ; third, the middle sinkers, 
and, lastly, the top sinker. The rod 
is then passed through the hole in 
the centre of the sinkers and the 
iron ring, and the bight of the 
wire placed over the shoulder of 
the flat piece of iron. 

The annexed figure shows the 
rod, the weights, and piece of 
wood, &c., in section. The piece 
of wood should be fastened in some 
convenient place for sounding. It 
is, of course, understood that the 
ring, wire, and sinkers are left at 
the bottom at each sounding, the 
rod only being brought to the sur- 
— face. 

(3.) The sounding line is speedily perpared for the purpose; it 
is one inch in circumference, of the best Italian hemp, well hackled 
and rubbed down, and has a breaking strain of 14 cwt. The line 
should be marked at every 25 fathoms, the marks at the 100 
fathoms being made with blue worsted tucked in and over the strands 
of the rope, one tuck for each 100 fathoms up to 1,000 fathoms, 
and then recommencing with one tuck for the 1,100 fathoms, &c. 
It will be found convenient if the 50-fathom intervals be marked 
with one tuck of red worsted, and the 25-fathom intervals with 
one tuck of yellow worsted. It is necessary to mark the line in 
this manner, rather than in the old-fashioned method with knots, 
to prevent its catching in the sheaves of the blocks as the line 


| 


a 





65 


runs out, and also in order that the 100-fathom marks may he 
readily distinguished as they enter the water, so that the exact 
moment of entering may be registered. 

The sounding line should be in one continuous length, and reeled 
up on one reel. It has been found (in practice) that the depth of 
the ocean seldom exceeds 3,000 fathoms ; this quantity of line, there- 
fore, will be sufficient for all ordinary work ; but, as soundings have 
been obtained in 4,500 fathoms, in some particular localities, it is 
advisable to have 2,000 fathoms on a spare reel, ready to bend on 
should the depth be exceptionally great. The reel on which the line is 
wound should have at each end a disc of wood about 14 inches thick, 
with a groove cut in it, over which a gasket may be passed to check 
the revolutions when they exceed the speed of descent of the sinkers, 
otherwise the line is apt to foul. A reel to hold 3,000 fathoms will 
require to be about 5 feet in length, and if the heart, or roller of the 
reel, be about 6 inches in diameter, the line when wound up will be 
about 24 to 24 feet in diameter; the discs, therefore, at the ends 
should be about that size. The reel should be hung horizontally, 
so as to revolve with as little friction as possible. 

The first 50 fathoms of sounding line should be doubled to bear 
the strain of lifting the sinkers over the ship’s side, &c. 

(4). The apparatus in the ship consists of a set of indiarubber 
bands, technically termed “accumulators,” to which a block is 
fastened through which the sounding line reeves. As the ship rolls 
or pitches these accumulators expand and contract, thus preventing 
sudden jerks on the sounding line, and so reducing to a minimum 
the chance of its parting. The accumulators are endless, with a 
wooden ring in each bight, kept in place by a small indiarubber band ; 
to these wooden rings small lines are attached, which enables as 
large a number to be used as may be required. Ten are sufficient 
for sounding purposes. 

A convenient method of fitting these accumulators is shown in the 
accompanying diagram. : 

A, A are two flat discs of wood with ten holes in each; B, B, B, B 
are the accumulators. At each end of the accumulators a piece of 
cod line is spliced (into the wooden rings) and rove through the 
holes in the discs, when they are collected together and formed 
into a Flemish eye. To one of these eyes (the upper) a rope is bent, 
with which the accumulators are hoisted a sufficient height above 
the gunwale to allow them to stretch, and to the lower eye a 


block is hooked through which the sounding-line is rove. 
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The accumulators in their relaxed state are three feet in 
length; they are capable of stretching 17 feet, when they each exert a 
pressure of over one cwt.; beyond this they 
should not be stretched, or they are liable 
to carry away; when stretched nine feet 
they each exert a pressure of about 90lbs. 
To prevent their stretching more than 17 
feet a 4-inch rope pendant, 15 feet in length, 
is passed through the centre of the discs, as 
shown in the figure, and the rope and blocks 
are attached to the eyes in this pendant as 
well as to the Flemish eyes of the accumu- 
lators. To keep the discs and accumulators 
in their proper places, the eye of the splice 
of the cod line, through the wooden ring of 
the accumulators, should be sufficiently long 
to pass through the hole in the disc and be 
toggled on the other side. 

To render the accumulators so fitted, of 
service, they should be suspended either 
\ from a yard, or derrick, projecting over the 
J ship’s side, at least 25 feet above the deck to 

t= allow them to stretch freely. 

In order to obtain the sounding correctly, steam-power is indis- 
pensable. In screw ships it has been found most convenient to 
sound from the central part of. the vessel, suspending the accumula- 
tors from the main yard-arm ; and in paddle vessels from the stern, 
suspending the accumulators from a derrick. In the former case the 
vessel must be kept steadily head to wind and sea, without moving 
through the water, and in the latter stern to wind and sea. 

The rod and sinkers should be hoisted over the side by the sound- 
ing line, and as the weight of the sinkers is felt by the accumulators 
they will be found to stretch about six feet. The sinkers should be 
lowered carefully by hand for at least 200 fathoms, when the line 
may be permitted to run freely, care being taken that the reel does 
not revolve too quickly. As each 100-fathom mark enters the water 
the exact time should be noted, and the interval occupied by each 
100 fathoms in running out thus ascertained. These intervals will 
be found to increase gradually, from about 70 seconds at 500 fathoms 
(that is, supposing three cwt. of sinkers be attached), to 2} minutes 
at 3,000 fathoms ; directly, however, the weights reach the bottom, 
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the time occupied by the line in running out increases to four or five 
minutes for each 100 fathoms, so that there can be little doubt that 
the sinkers no longer exert any influence, but that the line is merely 
running out by its own weight, and consequently that the bottom 
has been reached. The line should then be hauled in, and the 
specimen of the bottom carefully preserved, in spirits if possible, if 
not, it should be dried and kept in a meat or cocoa tin, a label 
being attached showing the date, position, and depth where it was 


obtained. 


It is necessary to be very particular in registering the times of 





Miller-Casella Ther- 
mometer on Six’s 
principle. 


tube, which moves up or down as the spirit expands or contracts. 
F2 


descent of the line, as the ordinary method of 
touch, is not applicable when the depth exceeds 
500 fathoms. 

It may be interesting to mention that the 
deepest authentic sounding yet recorded is 4,600 
fathoms, off the coast of Japan. The deepest 
obtained in the Challenger was 4,475 fathoms, in 
the western part of the North Pacific, and it 
took one and a half hours for four cwt. of 
sinkers to reach the bottom. To reach the 
bottom at 3,000 fathoms, about 50 minutes is 
required. 

Whilst referring to ocean soundings, I may 
as well point out that we not only obtain the 
depth and a specimen of the bottom, but also 
ascertain the temperature of the water at the 
bottom, and bring up a specimen of bottom 
water for analysis. 

The temperature at the bottom is ascer- 
tained by attaching a maximum and mini- 
mum thermometer to the lead line, a short 
distance above the sinkers. These thermo- 
meters are constructed on the design of Mr. 
Six, of Canterbury, and are furnished with a 
special appliance to prevent their being affected 
by pressure. The instrument consists of a 
curved tube, with a bulb at each end, the 
left-hand bulb A is filled with spirit, the ex- 
pansion and contraction of .which shows the 
temperature; this spirit is in contact with a 
small portion of mercury in the U part of the 
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The right-hand bulb B is partially filled with spirit, and in addition 
has in it a small quantity of air at the pressure of an atmosphere, to 
act as a buffer on the mercury, so as to keep it always in contact 
with the spirit in the A tube, otherwise as the spirit contracted in 
the bulb, a hiatus might occur between the spirit and mercury. 
In each arm of the tube above the mercury is an index, shaped 
like a dumb-bell, the handle part of which is of steel, which, being 
pushed up on either side as the temperature increases or decreases, 
records the maximum or minimum reading. These indices have 
small springs attached, which press against the glass and prevent 
their receding with the mercury. The friction of these springs 
is overcome by the magnet when the instrument requires setting. 
Six’s instrument, as originally constructed, required modification 
for ocean soundings, as the bulb A was exposed not only to the 
temperature, but also to the pressure due to depth, amounting to 
a ton per square inch for each 800 fathoms. Consequently, the results 
given were temperature + pressure. This defect has been remedied 
by a plan suggested by Mr. Miller, F.R.S., and instruments 
are now made with a subsidiary bulb C ending the primary bulb, 
which subsidiary bulb, being partially filled with spirit and spirit 
vapour, effectually prevents pressure acting on the primary bulb. 
Thermometers so made were originally constructed by Mr. Casalla, 
and hence are called Miller-Casella thermometers. 

The water bottle used to obtain specimens of water from the 
bottom is an improvement on an apparatus, originally the pro- 
duction of a Swedish gentleman. It consists of a brass rod, F, 
with three radiating plates B, to strengthen it, and act as a guide 
for a brass sylinder, A, which encloses the water. At the bottom 
of one, half way down the radiating plates, are two finely ground 
sections of cones, C and D, and the brass cylinder is so arranged 
that its upper and lower interior surfaces fit with great accuracy 
on the cones, thus enclosing any water between them. At the 
top of the rod is a brass tumbler, E, with a slit in it, by means of 
which the bottle is suspended to the sounding line, and the cylinder 
suspended above the cones, whilst the bottle is descending. Directly 
the strain on the sounding line is released by its reaching the 
bottom, the tumbler falls over and releases the cylinder, which 
falling on the two cones effectually encloses the water. A tap, 
G, is fitted at the lower cone to facilitate drawing off the water, 
and a brass serew spile, F, on the upper cone. The wood- 
cuts represent the bottle with the cylinder suspended; with it 
resting on the cones; and last without the cylinder. 
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It is proper for me to state that of late years light wire has been 
used for ocean sounding in place of rope, and it has the advantage 
over the rope, when the depth only is required, of greater rapidity, 
owing to the very slight friction of the wire against the water. 
For purposes of deep sea investigation, however, which includes. 
actual sounding as only one of its items, good hemp sounding-line 
is to be preferred; for deep sea thermometers, which have been 
_ carefully compared with a standard, are not to be lightly sacrificed, 
and the wire is not suitable for uses with a heavy water bottle and 
thermometer, which together weighs about thirty pounds. 

Now as to the method of fixing the soundings. The object of 
sounding is to contour the depths of the sea in a similar manner to 
contouring the elevations on the land; consequently, a series of 
depths obtained at-intervals, as nearly as possible on lines at right 
angles to the general run of the contours, enables us to draw the 
contours with accuracy. As a rule, submarine contours follow the 
general direction of the coast, therefore by obtaining sectional lines 
of soundings, at given intervals, as nearly as possible at right angles 
to the line of coast, we are enabled to get an exact section off the 
coast and draw in the contours. Of course it is very seldom a coast 
is straight for any distance, and, therefore, we lay off an imaginary 
line just inside the sinuosities of the coast, and measure distances 
along this line, putting up marks at every 50, 100, and 200, or more, 
feet, according to the requirements of the survey; then, by putting 
up marks at right angles to the line originally laid off, we get 
sectional lines on which the boat is to be kept whilst sounding. 
I may mention that the distances between the lines are only roughly 
obtained by measurement, their real position being plotted by angles 
to objects already fixed, for, as I previously pointed out, our work is 
all done by angles and rigidly relatively accurate. 

To ascertain the position of each sounding on the sectional line, 
several plans are available, depending on the sizes of the survey. 
In very narrow rivers, or in places like the Suez Canal, for instance, 
we simply stretch a line, marked at given intervals, from one side to 
the other, and obtain a sounding at each mark, but this is naturally 
only applicable to very narrow streams and where there is but little 
traffic. In wider streams, or where the traffic is too great to permit 
a line to be stretched across, a pole of a given height is held upright 
on the bank of the river, and a table of angles at given distances 
from the pole is prepared; then the angle for each distance off the 
pole where the sounding is required is placed on the sextant, and 
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the sounding obtained when the pole subtends that angle, the boat 
being also on the line of transit of the two marks. 

When the river is too wide to permit of this mode of procedure, 
or off a coast, the soundings are fixed by station pointer angles to 
objects previously plotted on the chart; care being always taken 
that the angles shall be of such a nature that they will readily fix 
the position of the sounding. This is an independent means of 
obtaining the boat’s position, and should plot on the sectional line 
the boat is sounding, so that we check at every point the correctness 
of the work. 

I have explained now how in large scale survey we ascertain the 
positions of the soundings, but in scales of less than ten inches to 
the mile we do not often find it necessary to place marks for the 
sectional lines ; as a general rule there are sufficient natural objects 
for the purpose, and it is in rapidly seizing hold of these objects, 
and rigidly keeping the boat on their line of transit, that practically 
tests the nautical surveyor. The mode of doing this is to fix the 
position of the boat as she pulls along the shore, by sextant and 
station-pointer angles, until the spot is reached where the sectional 
line is required. The position of the boat being plotted on the 
chart and the line of direction of the section drawn, the angle is 
taken off between it and a well-known object already on the paper ; 
this angle is placed on the sextant, and the instrument is moved 
until the well-known object is seen reflected through the tube ; the 
object it is then seen in line with, will, if kept in transit, lead the 
boat along the section it is desired to run the soundings on, the line 
being fixed as before mentioned by angles to points already plotted 
on the paper. 

Occasionally, off a flat coast, it is found impracticable to run 
sectional lines of soundings, as there are no back objects; the 
system then pursued is to steer by compass and fix by sextant 
and station-pointer as before. It is quite as accurate, when 
complete, as any other method of getting soundings, but is far 
more difficult, as the varying strength of the tidal stream renders 
it almost impossible, even with the greatest skill and experience, 
to prevent the ship or boat being set off the line it is intended 
she should be on, and, consequently, a longer time is required to 
sound over a given area than when we are able to obtain sectional 
lines by keeping two objects in transit. 

Occasionally, banks are discovered in the ocean, or, at any rate, 
out of sight of land, and their extent and nature ascertained. Our 
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mode of procedure is then to either drop a mark buoy, or to anchor 
the ship directly a shore sounding is obtained. Usually the ship is 
anchored, if the wind and weather permits, and her position obtained 
by astronomical observation. She thus becomes the first starting 
point in ascertaining the extent of the shore. The boats are sent 
to sound in every direction round the ship, the soundings being 
plotted by bearings of, and masthead angles to, the ship; and 
depths have been obtained in this manner for a radius of three 
miles round the vessel. The circle round the ship being completed, 
the general bend of the bank in her vicinity can be ascertained by 
the contour lines. A boat is now sent in a given direction for a 
distance of about three miles, and anchored. When in position her 
bearing is obtained by astronomical observation from the vessel, 
and her exact distance by firing guns. The ship now drops a buoy 
in the position she occupies, and gets under weigh and takes up a 
new position about three miles on the other side of the boat at 
anchor, the distance from, and bearing of, the boat, being again 
ascertained, the former by sound, and the latter by astronomical 
observation. The new position of the ship is then sounded round, 
and she is again and again shifted until the whole extent of the 
bank has been ascertained. 

At each station the ship occupies, her position is determined 
independently by astronomical observation, so that there shall be 
no error ; and finally, by returning to the mark buoy left at her 
first position, rates for the chronometer may be obtained, and any 
error in those instruments guarded against. 

It will be evident from the foregoing remarks that our chief 
dependence in nautical surveying is on the sextant. That is the 
instrument which enables us to perform our work accurately, and 
with it, and it alone, many valuable surveys have been made. The 
great disadvantage of the sextant is that it has to be put down each 
time an angle is registered, as it is not practicable to hold the 
instrument and write down at the same time; so that it is very 
convenient to have some one to register the angles as they are 
observed ; otherwise, it is, I think, the best instrument there is for 
surveying, for the theodolite, altazimuth, or transit instrument, 
are only of use on shore, and the compass is subject to so many 
errors that observations by it alone cannot be relied on; but with 
a sextant the whole work of either a land or marine survey can 
be executed with the greatest precision. 

This instrument being then so useful to us, it is important to 
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know its errors. Most of these are doubtless familiar to every 
one who makes use of the sextant, but there is one very important 
error which seems to have attracted very little attention, and that 
is the error of centering. 

All sextants have an error of this description, and in good 
instruments it is usually progressive; being nothing at the zero 
of the instrument and increasing gradually with the angle, some- 
times amounting to 50” or 60” at 120°. If it does not so increase, 
or if it varies, it shows that in all probability there is an error in 
the graduation as well. These two errors cannot be entirely 
separated, but the graduation can be tested by trying the vernier 
at different parts of the arc, when, if the graduation is correct, 
the zero and last division in the vernier will invariably cut 
lines on the ark simultaneously. 

The plan I usually adopt to obtain the errors of centering is 
either to measure angles between objects on the land by it, and 
by Bordas repeating circle, or else to obtain a series of equal 
altitudes of the sun at all elevations, when the observations, 
worked as single altitudes, should agree with the results given 
by the equal altitudes. This is seldom the case, but it will be 
found that the mean result of the am. and p.m. sights always 
will agree. Consequently, by applying an error to the altitudes 
until the result agrees with that obtained by the equal altitudes, 
the error of centering at that altitude is obtained. Then by 
obtaining a series of results at different altitudes, and drawing 
a curve of errors, the amount at any altitude or angle can be 
tabulated. Lately, the authorities at the observatory at Kew 
have undertaken to test sextants for errors of centering by 
payment of a small fee, and it would be well before purchasing 
any instrument to ascertain that its valuation has been so tested, 
and to get a copy of the Kew certificate attached to the receipt. 


T. H. T. 
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